Abstract. In this paper, the tradable green certificate (TGC) system was introduced into the day-ahead scheduling plan of power system with wind power. Based on renewable portfolio standard (RPS), it was assumed that there was TGC trading between the power side and the grid side. Taking the maximum net revenue of both sides as the objective function, an economic dispatch model of power system with wind power was constructed. The model was solved by adaptive immune vaccine algorithm. The results indicate that the proportion of renewable energy quota and TGC price have a certain impact on the production of TGC and bilateral net revenue in the day-ahead scheduling plan.
Introduction
In recent years, more and more people are attracted by environment problems such as climate change and air pollution. Wind energy is clean energy. Relying on renewable energy support scheme, wind power has developed rapidly worldwide [1] . Currently, there are mainly two kinds of renewable energy support scheme [2] : 1) Price-Based Support: fixed-in tariff (FIT); 2) Quantity-Based Support: tradable green certificate (TGC). The FIT system plays a significant role in the early stage when China began to develop wind power. Recently, the wind power technology is becoming more mature, and the unit cost of wind power is declining. Moreover, the chance for wind power to participate in the electricity market is coming [3] . The TGC system is gradually adopted by China government.
Traditional dispatch models of power systems with wind power mostly aim at minimizing the total cost, without considering the impact of TGC system [4] [5] [6] . In Ref. [7] , it proposed a carbon emission intensity rating system of power user-side and set up a TGCs distribution model, which provided a useful reference for the grid's demand-side management. In Ref. [8] , virtual power plant (VPP) was constructed and TGC system was introduced. The reference analyzed the output of different parts of VPP when the output of PV and WPP were different, which didn't take the impact of TGC price on day-ahead scheduling plan into account. In Ref. [9] , it established a low-carbon economic dispatch model based on TGC system, and analyzed the impact of TGC price on the dispatch model, which ignored the influence of different proportion of renewable energy quota.
In this paper, the TGC system is introduced into the day-ahead scheduling model of power system with wind power. The grid side is regarded as the subject of compulsory liability, which purchases TGCs from the power side in order to complete the quota. Taking the maximum net revenue on both sides as the objective function, the economic dispatch model of power system with wind power is established. The model is applied to a power system composed of 6 thermal power units and a 300 MW wind farm. The effects of the proportion of renewable energy quota and TGC price on TGC production and net revenue of both sides are analyzed.
Renewable Energy Quota Allocation and TGC Trading Process
In view of the fact that China's TGC system is in the initial stage of implementation, according to Sweden's experience, the subject of compulsory liability will purchase a large number of TGCs in the initial stage , which forms a seller's market [10] . Therefore, in the proposed model, the grid side and the power side complete the TGCs trading mainly based on bilateral agreement. The grid is less likely to get TGCs from TGC market. In case of massive wind power abandonment, both sides are punished when the grid side is failing to reach the quota target. The distribution of renewable energy quota and TGC trading process are stated as follows:
1) The government initially allocates renewable energy quota to relevant grid enterprises according to the regional resource distribution and power consumption.
2) In order to meet the need of the grid side, the grid side and the power side reach a TGCs purchase agreement. It is assumed that renewable energy quota is allocated to each day further.
3) The power side makes day-ahead scheduling plan according to the forecast output of wind power, TGC price, renewable energy quota and so on. When the TGC production of power side exceeds the demand of power grid, the power side can sell the surplus TGCs in the TGC market to obtain more profits; Otherwise, both sides need to purchase TGCs from the TGC market or accept punishment.
Mathematic Model
The purpose of constructing an economic dispatch model of power system with wind power based on TGC system is to optimize day-ahead scheduling plan of power side in the early stage of the implementation of the TGC system and maximize the net revenue of both sides. Therefore, the model suggested in this paper aims to maximize the net revenue of the power side and the grid side.
Power Side Net Revenue
Net revenue devices from the differences between revenue and cost. The power side revenue consists of the electricity sales revenue and the TGC sales revenue. The cost of power side contains wind power generation cost and thermal power generation cost.
Electricity Sales Revenue. Under the TGC system, the price of wind power and thermal power both are the benchmark price for local coal-fired units, which are settled by local power grid companies. Therefore, the revenue from power side sales F 1 can be expressed as follows:
Where t is time series. It takes 1 h as a time interval in this paper, t=1,2,3,...,T; T=24; C grid represents the benchmark electricity price of coal-fired unit; P power,t stands for the total planned output of the power side at t time; P w,t is the planned output of wind power at t time; i stands for the thermal power units series, i=1,2,3,...N; N=6, P Gi,t indicates the planned output of i-th thermal power unit at t time. TGC Sales Revenue. The TGC sales revenue on the power side consists of three parts: 1) the TGC transaction revenue according to the bilateral agreement, which assumes that the grid side enjoys a certain degree of price discount; 2) the revenue that the power side obtains through selling the surplus on the market when TGC production exceeds the demand; 3) the penalty fee the the power side bears, when the TGC production cannot meet the demand. The power side TGC sales revenue F 2 is stated as follows:
(2) Where C green is the TGC price on the market; k discount is the discount ratio according to the bilateral agreement; Q is the renewable energy power quota on the grid side in 24 h; G is the TGC production on the power side in 24 h; C punish is the penalty coefficient of power side when the supply of TGC is insufficient; k quota is the proportion of daily quota of renewable energy power the grid needs to bear.
Wind Power Generation Cost. Wind power generation cost includes operation cost and output deviation cost. Since there is no energy consumption during the operation of wind power, the cost of wind farm construction and fans maintenance are converted. The unit cost of the service life of fans is used as the wind power operation cost coefficient. At the same time, due to the large forecast error, the actual output of wind power will be inconsistent with the planned, and there will be overestimation or underestimation. The thermal power needs to change the output to maintain the system balance, which has negative effects on the system operation. The negative effects can be seen as wind power output deviation cost, which is calculated by the method of Ref. [11] . The uncertainty of wind power output directly affects the TGC production. Therefore, w uncertain times TGC price is adopted to represent the overestimation and underestimation cost coefficient of wind power. The wind power cost F 3 can be expressed as follows:
Where C function is the wind power operation cost coefficient; P wr,t represents the actual wind power output at t time.
Thermal Power Generation Cost
The thermal power generation cost is composed of coal consumption cost, environment cost, and spinning reserve cost. The environment cost is calculated by the operating cost of desulfurization, denitrification and dust removal system per unit of power supply [12] . The thermal power generation cost F 4 is stated as follows:
, c i represent the coal consumption cost coefficient of the i-th thermal power unit; T 1 , T 2 , T 3 represent operating cost coefficients of unit power supply desulfurization, denitrification and dust removal system; C up , C down represent the positive and negative spinning reserve cost coefficients; k up , k down are the wind power fluctuation coefficients; l up , l down stand for the system fluctuation coefficients; P load,t is the system load at t time. In summary, the net revenue of power side F power is presented as follows:
Grid Side Net Revenue
The grid side net revenue F grid results from the difference between the electricity sales revenue and the cost of purchasing electricity and TGC from the power side. Its function is described as follows:
Where C consumer is the average price of electricity sold to users by the grid; E(Q-G) is the mathematical expectation of the cost of the grid purchasing TGCs from the market or accepting punishment when the production of TGC from the power side is insufficient.
Constraints

1) Power balance constrains
Gi represent the maximum and minimum output of the i-th thermal power unit. P up Gi and P down Gi are the upward and downward ramp rates of the i-th thermal power unit; T is the time interval.
3) Wind power generation constrains w, wf , 0  tt PP (9) Where: P wf,t is the wind power forecast output at t time. 4) positive and negative spinning reserve constraints
Model Solution
The multi-objective multiplication and division are used to solve the multi-objective optimization problem, the main idea of which is to multiply or divide the sub-objective functions in the model to solve the single-objective optimization problem in the feasible region [13] . Considering the revenue and cost of the power side and the grid side, the multi-objective optimal dispatch model with the largest net revenue on both sides can be obtained as follows:
power grid max *  F F F (11) The adaptive immune vaccine algorithm is adopted to solve the model. The principle of the algorithm are described in Ref. [14] . The parameters are set as follows: population size: Size=50; inoculation coefficient: =0.3; evolutionary algebra: M=500; crossover probability: pc 1 =0.9, pc 2 =0.4; mutation probability: pm 1 =0.2，pm 2 =0.01; vaccine threshold:  1 =0.7， 2 =0.3;
Case Study
It is assumed that a regional power grid consists of 6 thermal power units and a 300 MW wind farm. The details of thermal power units are shown in [16] . Other parameters are set as follows: k discount =0.9; w uncertain =1.5. The day-ahead load and wind power forecast output are shown in Figure 1 . 
Impact of the Proportion of Renewable Energy Power Quota on the System
In order to quantitatively analyze the impact of the proportion of renewable energy power quota on the system, the price of TGC is 180 ¥·(MW·h) -1 , and the simulation results are shown in Fig. 2 . In the Fig. 2 , the impact of the proportion of renewable energy power quota on the system can be decomposed into three stages: 8%~10.4%, 10.4%~12.8%, 12.8%~14%. 1) When the proportion of the quota is between 8% and 10.4%, the TGC production and the total cost of power side have a small change, witch results from that the main factor affecting TGC production is TGC price. Based on the condition that the price of TGC is 180 ¥·(MW·h) -1 , the power side weighs the cost of wind power and thermal power and makes an economic dispatch. In the day-ahead scheduling plan, the TGC production is sufficient to meet the demand. Because of the price discount according to the agreement, on the behalf of the power side, the quantity of TGCs sold in the market is reduced, which causes linear descent of TGC sales revenue and power side net revenue. In addition, due to unchanged price of TGC, the grid side total cost decreases linearly and the grid side net revenue increases linearly with the proportion.
2) When the proportion of the quota is between 10.4% and 12.8%, the production and the sales revenue of TGC increases with the proportion. It's because that under the condition that the TGC price is 180 ¥·(MW·h) -1 , the production of TGC according to the day-ahead scheduling plan made by the power side is unable to meet the demand. To avoid punishment, the plan is changed and more wind power is arranged to connect to the grid. In terms of the power side, the unit cost of wind power is higher than the thermal power at present. Thus, more wind power access to the grid means higher generation cost and the power side net revenue decline accelerated. Meanwhile, as the proportion grows, the grid side net revenue increases linearly and the grid side total cost decreases linearly.
3) When the proportion of the quota is between 12.8% and 14%, the production of TGC reaches its maximum and no longer changes, which is lower than its theoretical maximum production because of the spinning reserve plan [17] . The total cost of power side is therefore no longer changing. Since the renewable energy quota cannot be met, both sides are subject to punishment. The cost of the grid side increases linearly. The TGC sales revenue and the both sides revenue decline linearly. The difference is that the grid side net revenue declines faster than before, due to the punishment or the purchase of TGCs in the market.
Impact of the Price of TGC on the System
The model established in this paper is in the seller's market, so the situation that the price of TGC is too low is not taken into consideration. It only analyses the impact of the TGC price in the range of 100 to 400 ¥·(MW·h) -1 on the production of TGC on the power side and the net revenue on both sides. The proportion of renewable energy power quota on the power grid side is 10%.
Impact of Prcie of TGC on the Production and Sales Revenue of TGC
The impact of Prcie of TGC on the production and sales revenue of TGC is shown in Fig. 3 . From the Fig. 3 , what can we learn is shown as follows: 1) When the TGC price is in the range of 100 to 150 ¥·(MW·h) -1 , the production of TGC of the power side remains almost unchanged. The reason is that the economics of wind power are still worse than that of thermal power in the situation that TGC price is relatively low. When the power side formulates the daily scheduling plan, the thermal power output will be given priority under the premise of meeting the demand for the TGC on the grid side. At this time, the price of TGC increased linearly, so the TGC sales revenue increased linearly.
2) When the price of TGC is in the range of 150 to 350 ¥·(MW·h) -1 , the economics of wind power gradually increase with the increase of the price of TGC. When the daily scheduling plan is being formulated, the wind power output will be gradually increased to obtain more TGC sales revenue.
In order to refine the analysis of the trend of TGC production and the TGC sales revenue when the TGC price is in the range of 150~350 ¥·(MW·h) -1 . 4 ¥ , and wind power cost is increased by 53.7·10 4 ¥. Comparatively, the cost of wind power generation has a greater impact on day-ahead scheduling plan. However, the wind power operation cost and the TGC sales revenue are linear with the production of TGC. Therefore, the wind power output deviation cost is the main factor affecting the trend of wind power output. The change of wind power output deviation cost when TGC price is between 250 ¥·(MW·h) - -1 , affected by the spinning reserve plan of the thermal power, the wind power output reaches its maximum, which means the production of the TGC reaches the maximum value. Therefore, the TGC sales revenue increases linearly with the increase of the price. Impact of Price of TGC on the Net Revenue of Both Sides
The impact of price of TGC on the net revenue of both sides is shown in Fig. 4 . It can be seen from Fig. 4 that with the increase of TGC price, the net revenue of the power side is gradually increasing, and the net revenue of the grid side is linearly decreasing. When TGC price is in the range of 100 ¥·(MW·h) -1 to 200 ¥·(MW·h) -1 , the production of TGC is lower, and the net revenue growth rate of the power side is slower. When the price of TGC is in the range of 200 ¥·(MW·h) -1 to 350 ¥·(MW·h) -1 , the production of TGC is higher. And the higher TGC price is, the faster the net revenue of the power side grows. When TGC price is in the range of 350 ¥·(MW·h) -1 to 400 ¥·(MW·h) -1 , production of TGC reaches the maximum value at this time, so the net revenue of the power side and TGC price increase linearly. The grid side only needs to meet the renewable energy power quota, so its net revenue decreases linearly with the linear increase of the TGC price.
Summary
This paper introduces the TGC system into the daily scheduling plan model of power system with wind power, and combines the RPS system to establish an economic dispatch model, which takes the maximum net revenue of both sides as the objective function. As a result of simulation, the impact of large-scale wind power access to the grid on the economics of power systems based on the TGC system is comprehensively analyzed, which provides a useful reference for power system dispatchers.
Introduction
Effectiveness is an important index of system, and has been studied in many industries [1] [2] [3] [4] . The effectiveness of a system, in short, refers to the system's actual ability to complete an intended mission [5] . Modern remote sensing satellites have the characteristics of multi-function of structure, miniaturization and integration, so that the redundant design and the number of hardware are limited to a certain extent in volume, but the performance requirements of the entire satellite are not reduced relative to the traditional satellites. How to accomplish the mission efficiently with the existing resources has become a challenge. At present, there is not enough attention paid to the research on the effectiveness evaluation of remote sensing satellite. Although some scholars [6] [7] [8] [9] [10] have studied the effectiveness evaluation of remote sensing satellite for specific functions, there is still a lack of research on the effectiveness evaluation of remote sensing satellite. On the other hand, effectiveness evaluation has been widely used in the fields of weaponry, machinery manufacturing and civil aviation. According to the characteristics of different industries, many methods to evaluate the effectiveness of the system have also been proposed. The introduction of effectiveness evaluation technology in remote sensing satellite system can reflect the ability of the system to a great extent. This paper focused on the effectiveness evaluation of remote sensing satellite. In Section II, the characteristics of remote sensing satellite are analyzed; in Section III, an evaluation model of effectiveness is proposed based on ADC model combining with Markov model. A case study is given in Section IV, and some conclusions are summarized in Section V.
Remote Sensing Satellite Characteristics Analysis
In recent years, more and more attention has been paid to satellite remote sensing technology. Many new types of remote sensing satellites have been designed and the requirements for satellite missions are getting higher continuously. How to ensure remote sensing satellite to accomplish its mission effectively and efficiently and improve its effectiveness has become a major challenge for satellite designers. To evaluate effectiveness, a characteristics analysis of remote sensing satellite and its mission is needed.
Remote sensing satellite aims to observe various phenomena on the earth and can carry out uninterrupted remote sensing of designated areas within a specified time, including reconnaissance satellite, meteorological satellite and resource satellite [11] . Generally, a remote sensing satellite is composed of three parts, i.e. satellite platforms, remote sensors, equipment of information processing and transmission. Remote sensing satellite acquires various kinds of information about the earth and
